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Abstract
Comparativeanalysiswasconductedofgroundwatersamplestakenfromboreholes
drilledintendifferentgeologicalenvironmentsthroughoutJapanhNext，microbial
analysiswasconductedo、ＳａｍplestakenfromthcKalnaishiMine・Sixgroundwater
sampleswerctakenfromtwoboreholesfromthelninedriftingranodiorite，andcore
samplesfrombentoniteusedinthethcrmo-hydro-mechanicalexperimentconductedin
thedrift・Likewise,microbialanalysisofgroundwatersamplestakenfromborcholesin
theundergroundresearchlaboratorylocatedinHoronobe,Hokkaidoenumeratedatotal
numberofbacteriaintherangeof1.2×l04cells/ｍｌｔｏ1.5×l07cells/mL
Theaboveresultsclearlyindicatethatmicrobialactivityisuniversaleveninwhat
appearstoananaerobicenvironmentdeepundergroundａｓｌｏｎｇａｓａｃｅｒｔａｍｌｅｖｅｌｏｆ
ｗａｔｅｒｃｏｎtent,watertemperature,rcducingconditionsandnutritionalaspectsarefbund
tosatisfytheminimumlivingconditions・Inordertoanalyzethepotentialmicrobial
impactonthegeo-scientificcharacteristicsofthegroundwatermsingdeepgroundwater
samplesfromvariousrocksanddifferentdepthscollectedfromthrouglloutJapan，
simulationanalysiswasconductcdusingthcnumericａｌｃｏｄｅＭⅢＴ（Microbial
lnfluenceonNUclidenansport)．Ｔｈｉｓｃｏｄｅｓｏｆａｒｈａｓｐｒｏｖｅｎｔｏｇｉｖｅｒｅliable
enulnerationsfOrsulphateionconccntrationandnumberofsulphatereducingbacteria，
matchingwellwithactualmeasurements．
CllapterⅡMicrobialamulysesfmmvariousgeologicallocations
Aspartofascriesofresearchconductedtoascertaintheexistenceandextentof
microbialactivitydeepunderground，thisstudyanalyzeddatacollectedfOr
groundwaterandsurfacewatersamplestakenfromelevenboreholeslocated
throughoutJapanatdcpthsrangingfrom222to535metersbelowgroundlevelandof
varyingrocktypesandage：granite,basalt,ryholite,schist,limestoneandsedilnentary
locksfromNCogenerbrtiarytoMesozoicandPalcozoicage・A11samplesunderwent
chemicalanalysisandtheresultsweresubmittedforqualitativeevaluationusinga
geochemicalnumericalcode、Ｆｏｒｔｅｎｏｆｔｈｅｓｅｓａｍｐｌｅｓ，microbialanalysiswasalso
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conducted，enumeratmgthetotalnumberofbacteriaandviablccellcountsusing
conventionalculturemethods（FigUrel）．
Thepresentstudyconfinnedtheexistenceofmicroorganismsundelgroundas
deepas435metersbclowgroundlevel,underthenaturalstateofconditionsvirtually
frecof（cvcnbcfOrchavingany）contactwiththcsurfacc，undercxpectcd
envⅡonmentalconditions(i､e､,Ｅｈ,ｐＨ,temperature,prcssure,nutrientandenergy
availability>etc.）andthroughoutJapanH1rtherexaminationinotherlocationsand
underotherconditionsismostlikelytorevealthesameresult､Thenextstep,then,will
betoascertainthesizeofthemicrobialpopulationandhencetheextentofitsactivity
andimpactontheundergroundstructures．
ChapternIMicroMalsurveWltKamaishimine
AnimportantpartofthenearfieldPcrfbnnanceAssessmentofnuclearwastedisposalis
toevaluatctllecoupledtllenno-hydro-mecllanical(ILH-M)phenomena.][Tleymcludetllennal
effectsongroundwaternowthloug1lIockmatrixandwaterseepageintothebuffermaterial，
andgenerationoftheswelmlgpressureoftllebuffermatelialandtherlnalstressespotentially
affectingthecllangeintlleporosityandfractureapcrtuleoftllerockThiscllaptercompares
groundwatersamplestakcnfromthesulToundinghostrockofgranodioriteandthe
be､tonitebuffermaterialusedfOrthecoupledthenno-hydro-mechanical（ＴＨＭ）
experimentsattheKamaishiMineinIwate・Analysisismadeonmicrobialactiviticsof
thegroundwateraswellasontheviableheterotrophsandwatercontentofbentonite・
Thischapterfbcuscsonassessingthesurvivalofthenatura11ypresentmicrobialpopulationm
bcntonitethathasbeensUbjectedtocompaction叩onemplacemcntandtotllesubseqUcnt
hcatingandcoolingCyClesduringtheTHMexpeliments・Bactelialactivitymbentomte
buffermaterialsadjacenttothecontainercouldpotentiallyaffbctmicIobiallyinmuenced
conosionOVIIqandradionuclidemigration,butiseXpectedtobemnitedbecauseofthehigh
temperatures,desiccationandradiationfieldsassociatedwithtllewastecontaincェ
memicrobialanalysisofthePH-Mexperimenthasshownthatthewatercontentm
thebuffermaterialisthedominantcrucialfactorfOrtllesurvivalandactivityofviablc
microbialpopulation(rigure2).Itwasmndtllatwatercontcntinitselfdependsontllc
emissionofheathomthewastecontaineLTYheresultsfiPomtllisstudysuggcstthatthepart
ofthebufferdirectlyadjacenttotllecontainerwouldbevirtuallydevoidofmicrobial
activitybecauseofthcredistributionoftheinitialwatercontentresultingfiomhigll
tcIxlpcrature・AssessmentofwhetllermicroorganｉｓｍｓｆｂｕｎｄｉｎｔｈｅＫａｍａｉｓｌｌｉＭｉｎｅａｒｅ
aerobicoranacrobic，initiallypresentorrCpopulated，wouldrequⅢealnoreexpanded
analysismcolporatingcllemicaldata､AcomprehensiveTH-MplusChemical-Biological
studywillpennitmoredetailedidentificationofthemicroorgamsmspresentandtheir
activityunderavarietyofconditionswhichcouldexistinanactualvault．
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C11apterlVMicrobialsurveyatHorOnobeUnder窪rOundResearchCenter
TheHoronobeURLprOjectisdevotedtotheteclmologicaldevelopmentfOrasafe
geologicaldisposalofhighlevelradioactivewastesovera20-yearperiodfromMarch
2001inHoronobe-choinnorthernHokkaido,Japan､Thischapterassessesthecllemical
andmicrobialanalysisconductedongroundwatersamplestakenfromboreholesatthe
siteoftheHoronobeUnder印oundResearchLaboratory(URL)pmject､Asitwas
necessarytousedrillingmudfOrexcavatingthesoftsedimentaryrockofNeogene
Ibrtiaryagc，ｔｒａｃｅｒｗａｓｕｓｅｄｔｏｅｖaluateitsinfluenceonthequantitativeanalysisfOr
possiblecontalninationbythedrillingmud・
Accordingtotheresultofchemicalassayandmicrobialanalysis，goundwateris
meteoricoriginattheshallowerpart,whileatdeeperpartitisconsideredmixturcofsea
waterandmeteoricwaｔｅＬＴｈｅｂoundaryofbothmeteoricandseawatermaybe
aroundatthe250m-280mｆｏｒＨＤＢ－６ａｎｄｓｏｍｅｗｈｅｒｅｄｅｅｐｅｒｔｈａｎｌ８５ｍｆＯｒｍ〕Ｂ-8．
FTomthetotalnumberofbacteriainthegroundwatersampleandthetracer
conccntration,thetotalnumbcrofbacteriaintheoriginalgroundwaterenvironmentis
estimatedtobeintheorderoflO3tolO4cells/ｍ1.Thedominanceofaerobicheterotroph
mtheusuallyanaerobicenvironmentofgroundwaterinferstheeffectofcontalnmation
inwhichthewateｒｆｒｏｍｔｈｅｗｅｌｌｉｓｍｏｓｔｌｙｌｉｋｅｄｔｏｈａｖemixedintothe
groundwater・Themeasurementresultsofredoxpotcntialandconfinnationofthe
existenceofnitricacidionandａｍｍｏｎｉａｉｏｎｉｎｔｈｅｇＰｏｕｎｄｗａｔｅｒｓａｍｐleleadtothe
assumptionthatthemostdominantmicroorganismsarenitratereducingbacteriaand
denitrifyingbacteria(Figure3).NitrogencyclccanbesummarizedinFigure65．
ChalOterVSimulation
Thischaptcraimstopredictmicrobialeffectsbyanalyzmgsimulationresults
obtainedbyusingthenumericalcodeMINT(MicrobialhfluenceonNuclidcnansport）
withinputtakenfromdataobtainedmChapterlI､Thecodecanmodelbiochcmistryand
geochemicalequilibriumwithconsiderationtosolutctransportandmicrobialactivity6
Thegoalofthesimulationistodevelopamodeltoprcdictmicrobialeffectsonthe
pclfOImanceofahigh-1evelradioactivcwastcrepository・Itcandcscribethe
consumptionoforganiccompounds，generationofreductiveenvironmentsby
consumptionofelectronacceptorsandpassivetransportofmicroorganismssuspended
inporewateL
Severalpotentialfblctorsthatmaytriggerdisturbancetoimportantparametersof
PerfbrmanceAssessmenthavebeenprovenOneisthecorrosionofthedrmingrig(Ｈ２
concentrationwasextremelyhighsingularlyfbrtheKamiokasample).Anotherisair
pomution(llighconcentrationofO2wasobviousmmanysamples)aswellasdissolution
ofmineralsfromthedrmingfluid(especiallycarbonatemineral).SignsoflowpHand
increasedCO2productionODossibilityofmicrobialinteraction/intervention)alsoare
fbLctorstobeconsidered・Analysisofchemicalreactionaccompanyingmicrobialactivity
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showeduniquecharacteristicsfmdiffercntmicrobialactivitybysiteandbyvarylng
analyticalhypothesis・Ｉｔｉｓ，therefOre，importanttoconductfUrtheranalysisofthe
chclnicalreactiononmineralsurface．
ChapterⅥConclusion
-GeochemicaldataintemretationtosupportPerfmmanceAssessment-
rY1ischapterexaminestheimportanceofgatheringgeochcmicaldataandhowto
interprettheminordertoactuallyapplytheresultsinperfCnnanceassesslnent・
PerfOnnanceAssessmcntusesknowledgeOfnaturalin-situchemicalconditions､Thcse
chemicalconditionsmustbcestimatcdfromanalyticaldatathatａｒｅobtainedfromsite
investigations,Usuallyうthesedataareobtainedfromboreholesdrilledfromthesurface
andfromundergroundexcavations,sucllasanUndergroundRcsearchLaboratory・
Thequaliｔｙｏｆａｎｙ“raw”geochcmicaldata（dataobtaincddirectlyhomsite
investigations)shouldbcevaluatedthoroughlybefOreitisusedinanyperfmnance
assessment・Wheredetenninantsareshowntohavebeenpcrturbedfromin-situ
conditions,theymustbecorrectcdfOrpe血rbations;orliftllisisnotpossible,thedata
needtoberCjectedandnotused・hsomccases,itmaybenccessarytoassumea
concentrationofadetenninant，ｉｆｔｈｃｒｅｉｓｇｏｏｄｅｖｉｄｅｎｃｅｆｒｏｍｔｈｅｌｉteratureor
cxperimcntalinvestigations．
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学位論文審査結果の要旨
本学位論文に関して、平成１９年ｎ月１０日に予備審査会を行い、学位論文と
して提出することを認めたｄ第一次審査は書面で行った。さらに、平成２０年ｚ
月５日に行われた口頭発表の後に審査会を開き、協議の結果、以下のように判
定した。
本論文は、天然バリア中の深部地下水の微生物調査および人工バリアの構成
要素であるベントナイト中での微生物分析結果について論じた。これまで陸域
の深部地下水中に存在する微生物に関する報告はほとんどなかった。地質環境
が異なる全国１０ヶ所で掘削された試錐孔および幌延深地層研究施設における
２孔の試錐孔から採取した地下水を対象に全菌数および特定細菌の生菌数計数
を行った０全菌数は、３．２×l01cells/、lからl5x107CellS/、lの計数結果が得
られた。生菌数としては、前者では硫酸塩還元菌が９ヶ所で、メタン生成菌が
３ヶ所で確認された。幌延では硝酸塩還元菌および脱窒菌が卓越していること
が確認された。岩手県釜石鉱山の坑道内で実施された熱一水一応力連成試験の
ベントナイト中の従属栄養細菌を分析した結果、水分量が１２％以下では生息
しないことが判明した。これらは，極限環境とみなされ微生物活動は乏しいと
考えられてきた陸域の地下深部でも、水分量、水温、酸化還元状態、栄養物等
の生息条件を満たしていれば微生物活動が普遍的であることを明らかにした日
本におけ為パイオニア的研究であり、陸域の深部地下水に関する微生物研究に
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大きく貢献した。以上の研究成果は、博士（理学）（こ値すると半Ｉ断した。
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